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(57) ABSTRACT

The invention relates to a pneumatic vehicle tire, comprising
a carcass (5), a belt (9), and a profiled tread (10), wherein the
belt (9) 1s composed of at least three belt plies (13, 14, 15)
arranged one on top of the other from the radial 1nside to the
radial outside, wherein the radially inner (13) and the radially
outer (15) working plies have opposite axial inclination direc-
tions of the reinforcements (25), and wherein a belt ply (14)
arranged between said two working plies (13, 15) has rein-
forcements (24), the orientations of which include an angle 3
of 0°=P=5° with respect to the circumierential direction U,
and wherein the orientations of the reinforcements (23, 25) of
one of the two working plies (13, 15) include an angle o of
10°=a<45° with respect to the circumiferential direction U,
and the orientations of the reinforcements (25, 23) ol the other
of the two working plies (15, 13) include an angle v of
45°=v=90° with respect to the circumierential direction U.

7 Claims, 6 Drawing Sheets
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1
PNEUMATIC VEHICLE TIRE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a U.S. National Stage of Inter-
national Patent Application No. PCT/EP2010/066294 filed

Oct. 28, 2011, and claims priority under 35 U.S.C. §§119(a)
and 365 of German Patent Application No. 102010000 471.5
filed Feb. 19, 2010.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a pneumatic vehicle tire, 1 par-
ticular for utility vehicles, having a carcass, a belt which 1s
constructed radially outside the carcass and a profiled tread
which 1s constructed radially outside the belt on the belt. The
belt1s formed from at least three belt plies arranged lying one
on top of the other from the radial inside to the radial outside,
and the radially inner belt ply and the radially outer belt ply
are working plies with parallel strength members, 1n particu-
lar made of steel, which are embedded in rubber. When
viewed 1n the circumierential direction U of the vehicle tire,
the strength members of the one working ply have an oppos-
ing axial direction of inclination to the strength members of
the other working ply. Further, the belt ply which 1s arranged
between these two working plies 1s a belt ply which 1s embod-
ied or formed as a zero-degree ply with parallel strength
members which are embedded 1n rubber and which enclose in
their orientation an angle {3 where 0°=p<3° with respectto the
circumierential direction U.

2. Discussion of Background Information

Conventional pneumatic tires for utility vehicles usually
have a four-ply belt with what 1s referred to as a triangular
configuration 1n which two working plies are arranged one on
top of the other in the radial direction, the steel cords of which
are at an angle of approximately 18° to 30° with respect to the
circumierential direction. The steel cords of the one working
ply and those of the second working ply are inclined 1n dii-
terent axial directions A. As aresult, the working plies form a
diagonal assembly. In such belts there 1s usually a belt ply
embodied or formed as a barrier ply which 1s located under
the working plies, the steel cords of which are at an angle of
50° to 65° with respect to the circumierential direction, as a
result of which the cords of the working plies and of the
barrier ply form a triangular assembly. In addition, usually an
additional protective ply which forms the fourth belt ply 1s
tormed above the two working plies, the steel cords of which
protective ply are also at an angle of approximately 15° to 30°
with respect to the circumierential direction of the vehicle
tire. Such belts have a limited circumierential strength. The
possibility of moving the belt edges, which this provides, can
have an adverse efiect on the durability of the tire. The belt
can also be subject to radial expansion during operation. This
growth can lead to excessive unequal wear of the tire.

It 1s also known to form pneumatic tires for utility vehicles
with a four-ply arrangement with a radially inner barrier ply
with steel cords which enclose an angle of approximately 50°
to 65° with respect to the circumierential direction, with two
working plies which are formed over the barrier ply and
which form in a conventional way a diagonal assembly of
their steel cords with an orientation of the steel cords of in
cach case approximately 18° to 30°, and with a fourth belt ply
which 1s formed radially outside the two working plies on the
outer working ply and which 1s embodied or formed as what
1s referred to as a 0°-ply. The strength members are composed
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of steel cords and are oriented essentially 1n the circumieren-
tial direction with an angle of 0° to 2.5° with respect to the

circumierential direction. In such formations, the circumier-
ential strength of the belt 1s increased, which has a positive
cifect on the durability of the belt. However, the influence of
the 0°-ply 1s limited essentially to the radially outer working
ply. However, the inner working ply 1s formed with residual
mobility, still with adverse etiects on the durability and wear.
Furthermore, occasionally a formation of a pneumatic tire
for a utility vehicle with a belt arrangement 1n which a 0°-ply
1s formed radially between the two working plies has been
proposed. The two working plies continue to be formed 1n the
diagonal assembly 1n these proposed embodiments and their
steel cords are oriented with angles of, 1n each case, approxi-
mately 18° with respect to the circumierential direction.
Although this embodiment permits a high level of circumier-
ential strength and improved durability and an improved wear
performance compared to a conventional pneumatic tire for a
utility vehicle, the durability 1s still limited with such an
embodiment since large shearing forces occur between the
three plies as a result of the very acute angles of the strength
members which are respectively formed both between the
outer working ply and the 0°-ply and between the 0°-ply and
the lower working ply. These shearing forces can have a direct
adverse etlect on the durability of this ply configuration.

SUMMARY OF THE EMBODIMENTS

Embodiments of the invention provide a pneumatic vehicle
tire, 1n particular for utility vehicles, with at least three belt
plies 1n which improved durability 1s made possible in a
simple way despite good wear behavior.

Accordingly, embodiments are directed to a pneumatic
vehicle tire, 1 particular for utility vehicles, having a carcass,
a belt which 1s constructed radially outside the carcass and a
profiled tread which 1s constructed radially outside the belt on
the belt. The belt 1s formed from at least three belt plies
arranged lying one on top of the other from a radial inside to
a radial outside. The radially inner belt ply and the radially
outer belt ply are working plies with parallel strength mem-
bers, 1 particular made of steel, which are embedded in
rubber, so that, when viewed in the circumierential direction
U of the vehicle tire, the strength members of the one working
ply have an opposing axial direction of inclination to the
strength members of the other working ply. The belt ply
which 1s arranged between these two working plies 1s a belt
ply which 1s embodied or formed as a zero-degree ply with
parallel strength members embedded 1n rubber that enclose in
their orientation an angle {3 where 0°<p<35° with respect to the
circumierential direction U. Moreover, the strength members
of one of the two working plies enclose 1n their orientation an
angle a with respect to the circumierential direction U where
10°=0<45°, and the strength members of the other of the two
working plies enclose in their orientation an angle v with
respect to the circumierential direction U with 45°=y=<90°.

In this embodiment, a high level of circumiferential
strength of the belt 1s made possible by way of the 0°-ply in 1ts
position between the two working plies to decouple the two
working plies, and to directly influence the two working plies.
As a result of this arrangement, the mobility of the belt ply
edges 15 respectively impeded and the growth of the belt 1s
also counteracted 1n the region which 1s critical for this
between the center of the belt and the belt edges. The forma-
tion of the one belt ply with an angle . of 1ts strength members
where 10°=a<45° and the other working ply with the orien-
tation of 1ts strength members with an angle vy with respect to
the circumierential direction where 45°=y=90° gives rise to a
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significant reduction in the shearing forces acting between the
working plies. As a result, a good degree of durability of the
belt 1s made possible despite good wear.

The embodiment of a pneumatic vehicle tire according to
the invention 1s particularly advantageous. The working ply
having the strength members which 1n their orientation
enclose the angle o with respect to the circumierential direc-
tion U 1s the radially outer of the two working plies, and the
working ply having the strength members which 1n their
orientation enclose the angle v with respect to the circumier-
ential direction U 1s the radially mner of the two working
plies. In this way, the shearing forces between the carcass and
the radially mner working ply are reduced and the radially
outer working ply with 1ts angle a provides particular protec-
tion against puncturing.

The embodiment of a pneumatic vehicle tire according to
the mvention 1s particularly advantageous for achieving a
particularly uniform wear pattern. The working ply having
the strength members which 1n their orientation enclose the
angle v with respect to the circumierential direction U 1s the
radially outer of the two working plies, and the working ply
having the strength members which i1n their orientation
enclose the angle o with respect to the circumierential direc-
tion U 1s the radially mner of the two working plies.

The embodiment of a pneumatic vehicle tire according to
the invention 1s particularly advantageous. A further belt ply
having parallel strength members embedded in rubber 1s
tormed radially outside the radially outer working ply on the
outer working ply. In this way, the additional outer belt ply
can further increase the protection against puncturing.

The embodiment of a pneumatic vehicle tire according to
the 1vention 1s particularly advantageous. The further belt
ply 1s embodied or formed as a zero-degree ply whose
strength members enclose 1n their orientation an angle o6 with
respect to the circumierential direction U of the pneumatic
vehicle tire. In this way, the circumierential forces are sub-
stantially distributed between two belt plies. As a result, cord
breaks can be additionally counteracted when possible exces-
stvely high loads occur during use of the tire.

The embodiment of a pneumatic vehicle tire according to
the invention 1s particularly advantageous, wherein the
strength members of the additional belt ply enclose 1n their
orientation an angle 0 with respect to the circumierential
direction U of the pneumatic vehicle tire where 5°<0<90°.
The shearing strength which 1s used in this way has a positive
eifect on achieving a uniform wear pattern.

The embodiment of a pneumatic vehicle tire according to
the invention 1s particularly advantageous. A further belt ply
having parallel strength members embedded 1n rubber 1s
tormed radially inside the radially inner working ply between
the carcass and the radially inner working ply. The strength
members of the further belt ply enclose 1n their orientation an
angle E with respect to the circumierential direction U of the
pneumatic vehicle tire, in particular where 45°<e<90°,
because the additionally formed barrier ply provides an opti-
mum force flux from the carcass 1nto the belt formed from the
belt plies and also reduces the movement of the working plies
and therefore further improves the durability.

The embodiment of a pneumatic vehicle tire according to
the invention 1s particularly advantageous. The zero-degree
ply arranged radially between the two working plies 1s made
smaller 1n its axial extent 1n the pneumatic vehicle tire, 1n
particular at least 10 mm smaller, than each of the two work-
ing plies, which permits increased durability of the zero-
degree ply.

The embodiment of a pneumatic vehicle tire according to
the invention 1s particularly advantageous. Both axial ends of

10

15

20

25

30

35

40

45

50

55

60

65

4

the zero-degree ply end within the axial extent region of each
of the two working plies. As a result, the mobility of the edges
of the zero-degree ply 1s further restricted and the durability
of the ply can be further improved.

The embodiment of a pneumatic vehicle tire according to
the mvention 1s particularly advantageous. The radially outer
ol the two working plies 1s made smaller 1n 1ts axial extent 1n
the pneumatic vehicle tire than the radially inner of the two
working plies. In particular, both axial sides of the radially
outer of the two working plies end within the axial extent
region of the radially inner of the two working plies. This can
avoid a situation in which the outer working ply 1s subjected
to a large amount of movement 1n the region of the shoulders.
The durability can therefore be further improved.

The embodiment of a pneumatic vehicle tire according to
the mvention 1s particularly advantageous. The strength
members of the working plies are strength members made of
steel. This promotes further a high level of circumierential
strength, good durability and uniform wear.

The embodiment of a pneumatic vehicle tire according to
the mvention 1s particularly advantageous. The strength
members of the zero-degree ply/plies are strength members
made of steel. This further promotes a high level of circum-
terential strength, good durability and uniform wear.

The embodiment of a pneumatic vehicle tire according to
the mvention 1s particularly advantageous. The strength
members are at least the zero-degree ply high-elongation cord
arranged between the two working plies. As a result, the
raising of the belt in the construction process can be made
casily possible.

The embodiment of a pneumatic vehicle tire according to
the mvention 1s particularly advantageous. The strength
members ol the additional belt ply are strength members
made of steel, since this easily promotes good protection
against puncturing.

Embodiments of the invention are directed to a pneumatic
vehicle tire that includes a carcass, a belt, including at least
three belt plies arranged one on top of the other in a radial
direction, that 1s arranged radially outside the carcass, and a
profiled tread arranged radially outside the belt. The at least
three belt plies include a radially 1nner belt ply and a radially
outer belt ply as working plies having parallel strength mem-
bers that are embedded 1n rubber so that, when viewed 1n a
circumierential direction of the vehicle tire, the strength
members of the radially inner belt ply have an opposing axial
direction of inclination to the strength members of the radi-
ally outer belt ply. The at least three belt plies also include a
generally zero-degree ply arranged between the two working
plies. The generally zero-degree ply has parallel strength
members that are embedded in rubber and oriented at angle [
to the circumiferential direction i which 0=p=3°. The
strength members of one of the two working plies are oriented
at an angle o to the circumierential direction 1in which
10°=0<45°, and the strength members of an other of the two
working plies are oriented at an angle v to the circum{ierential
direction 1n which 45°<y=90°.

According to embodiments of the instant invention, the
pneumatic vehicle tire can be structured for utility vehicles.

In accordance with other embodiments, the profiled tread
can be arranged on the belt.

According to still other embodiments, the parallel strength
members for the working plies may include steel.

Moreover, the one working ply 1n which the strength mem-
bers are oriented at the angle a to the circumierential direc-
tion can be the radially outer belt ply, and the other working
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ply in which the strength members are oriented at the angle v
to the circumierential direction can be the radially inner belt

ply.

Still further, the other working ply in which the strength
members are oriented at the angle vy to the circumierential
direction may be the radially outer belt ply, and the one
working ply in which the strength members are oriented at the
angle o to the circumierential direction may be the radially
iner belt ply.

According to other embodiments of the invention, the belt
can further include an additional belt ply having parallel
strength members that are embedded in rubber. The further
belt ply can be arranged radially outside the radially outer belt
ply. Further, the additional belt ply can be arranged on the
radially outer belt ply. The additional belt ply may be a gen-
erally a zero-degree ply, in which the strength members are
oriented at an angle 0 to the circumierential direction 1n which
0°=0=5°. Alternatively, the strength members of the addi-
tional belt ply can be oriented an angle o to the circumieren-
tial direction 1n which 5°<6=90°.

In accordance with still other embodiments of the mven-
tion, the belt may further include another belt ply having
parallel strength members that are embedded in rubber. The
another belt ply can be arranged radially inside the radially
inner belt ply and between the carcass and the radially inner
belt ply. The strength members of the another belt ply can be
oriented at an angle € to the circumierential direction 1n which
45°<e<90°.

Moreover, an axial extent of the generally zero-degree ply
arranged radially between the two working plies may be
smaller than an axial extent for each of the two working plies.
The axial extent of the generally zero-degree ply can be at
least 10 mm smaller than the axial extent for each of the two
working plies. Further, both axial ends of the generally zero-
degree ply end within an axial extent region of each of the two
working plies.

In embodiments, an axial extent of the radially outer belt
ply can be smaller than an axial extent of the radially inner
belt ply.

According to embodiments, both ends of the radially outer
belt ply can end within an axial extent region of the radially
iner belt ply.

In other embodiments of the invention, the strength mem-
bers of the generally zero-degree ply can include steel.

In still other embodiments, the strength members of the
generally zero-degree ply and of the additional ply may
include steel.

According to still other embodiments, the strength mem-
bers of at least the generally zero-degree ply arranged
between the two working plies may include high-elongation
cord (HE).

In further embodiments of the invention, the strength mem-
bers of the additional belt ply can include steel.

In accordance with still vet other embodiments of the
present mvention, the belt including the additional belt ply
can further include another belt ply having parallel strength
members that are embedded 1n rubber, the another belt ply
being 1s arranged radially inside the radially inner belt ply and
between the carcass and the radially mner belt ply, and the
strength members of the another belt ply can be oriented at an
angle € to the circumierential direction in which 45°<e<90°.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be explained below with reference to the

exemplary embodiments of a pneumatic tire for a utility
vehicle of aradial design which 1s illustrated in FIG. 1 to FIG.
6. In the drawings:
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FIG. 1 shows a cross-sectional 1llustration of a pneumatic
vehicle tire of a radial design for utility vehicles;

FIG. 2 shows a plan view of the belt from FIG. 1 according,
to section II-1I of FIG. 1 1n which all the other components of
the tire are not 1llustrated for the sake of simplification;

FIG. 3 shows a cross-sectional 1llustration of a detail of a
pneumatic vehicle tire 1n a way which 1s analogous to the
illustration 1n FIG. 1 with an alternative belt embodiment, all
the other components of the tire are not 1llustrated for the sake
of stmplification;

FIG. 4 shows a plan view of the belt from FIG. 3 according,
to section IV-1V 1n FIG. 3 1n which all the other components
of the tire are not 1llustrated for the sake of simplification;

FIG. 5 shows a detail of a cross-sectional illustration of a
pneumatic tire in a way which 1s analogous to the 1llustration
in FI1G. 1 with a further alternative embodiment of the belt;
and

FIG. 6 shows a plan view of the belt from FIG. 5 according,
to section VI-VI from FIG. § 1 which all the other compo-
nents of the tire are not 1llustrated for the sake of simplifica-
tion.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

FIG. 1 and FIG. 2 show a pneumatic tire of radial design for
a utility vehicle with two side walls 2 which are extended 1n
the radial direction R of the vehicle tire and a crown region 3
which 1s formed axially between side walls 2. The side walls
2 are each formed with a bead region 1 on their extent end
pointing inward 1n the radial direction. In bead region 1, a
bead core 4 of a known design i1s formed, which has high
tensile strength in the circumierential direction U and extends
in the circumiferential direction U. The bead cores 4 are
formed wound 1n a known fashion from wire which extends 1n
the circumierential direction U of the pneumatic vehicle tire
and 1s embedded 1n rubber. An apex 6 which 1s triangular 1n
cross section 1s formed from a hard rubber material on the
bead cores 4. The pneumatic vehicle tire 1s formed with a
carcass 5 which, starting from the bead core 4 formed in the
left-hand bead region 1 of the pneumatic vehicle tire, extends
outward 1n the radial direction R of the pneumatic vehicle tire
through the left-hand side wall 2 as far as the crown region 3,
and 1n the crown region 3 extends 1n the axial direction A of
the pneumatic vehicle tire to the right-hand side wall 2, and in
the rnight-hand side wall 2 of the pneumatic vehicle tire
extends radially inward as far as the bead core 4 formed 1n the
bead region 1 of the right-hand side wall 2. The carcass 5 1s
formed as a folded-over part 7 extending radially outward 1n
both core regions 1. In each case, folded-over part 7 extends
along the axial inner side of the bead core 4 to extend 1n the
axial direction along the radial inner side of the bead core 4 to
extend along the axial outer side of the bead core 4. The
carcass 5 extends with its folded-over part 7 along the axial
outer side of the apex 6 and ends on the axial outer side of the
apex 7. The carcass 5 1s formed, 1n a way which 1s known but
not illustrated 1n more detail, from a carcass ply which
extends in the circumierential direction U over the entire
circumierence of the pneumatic vehicle tire and has parallel
cords—ifor example steel cords—which are embedded 1n rub-
ber and extend essentially in the radial direction R in the
region of the side walls 2 and essentially 1n the axial direction
A 1n the crown region. An inner layer 12 composed of known,
particularly air-impermeable rubber material, extends from
the left-hand bead region 1 to the right-hand bead region 1 on
the side of the carcass 3 pointing to or oriented toward the
inside of the tire. An additional bead reinforcing strip 8, which
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extends in the circumierential direction over the pneumatic
vehicle tire 1s respectively formed in the bead region 1 on the
side of the carcass 5 pointing away from the bead core 4. The
bead reinforcing strip 8 1s, for example, a material strip which
1s embedded 1n rubber and composed of parallel strength
members of a textile or metallic design.

A belt 9 1s formed, which extends over and around the
entire circumierence of the pneumatic vehicle tire in the
circumierential direction U and in the axial direction A from
the left-hand tire shoulder to the right-hand tire shoulder in
the region of the tire crown 3 radially outside of and on the
carcass 3. The belt 9 1s formed from three belt plies 13,14 and
15 which are arranged resting on one another and above one
another 1n the radial direction R. A profiled tread 10 of a
known design 1s formed radially outside of and on belt 9 in
order to extend over and around the entire circumierence of
the pneumatic vehicle tire 1n the circumierential direction U
and 1n the axial direction A from the left-hand tire shoulder to
the right-hand tire shoulder to completely cover the belt 9. In
the region of the tire side walls 2, a side wall rubber strip 11,
which extends 1n the radial direction R from the bead region
1 as far as the profiled tread 10 in the crown region 3, 1s
formed 1n a known fashion on the side of the carcass 5 point-
ing or oriented away axially from the tire interior.

The radially inner belt ply 13 and the radially outer belt ply
15 are embodied or formed as working plies of the tire and
cach extends in the circumierential direction U over and
around the entire circumierence of the pneumatic vehicle tire
and 1n the axial direction A from the left-hand tire shoulder to
the right-hand tire shoulder. The working ply 13 1s formed
from a ply of thread-shaped parallel strength members 23,
which are embedded 1n rubber to extend essentially linearly
over the entire width a, measured 1n the axial direction A, and
to enclose an angle o of inclination with respect to the cir-
cumierential direction U, where 10°=0.<45°. The working ply
15 1s formed from a ply of thread-shaped parallel strength
members 25, which are embedded 1n rubber to extend essen-
tially linearly over the entire axial width ¢ of the belt ply 15
and to enclose an angle v of inclination with respect to the
circumierential direction U, where 45°<y<90°. The direction
of inclination of the strength members 25 of the working plies
15 viewed 1n the circumierential direction U 1s formed or
oriented 1n the opposite axial direction A to the direction of
inclination of the strength members 23 of the working ply 13.
The third belt ply 14, which 1s formed between the two
working plies 15 and 13, extends 1n the circumierential direc-
tion U over and around the entire circumierence of the pneu-
matic vehicle tire and 1n the axial direction from the left-hand
tire shoulder to the right-hand tire shoulder and 1s embodied
or formed as a 0°-ply. For this purpose, the belt ply 14 is
tormed from parallel thread-shaped strength members which
are embedded in rubber and which extend linearly over the
entire circumierence of the pneumatic vehicle tire enclosing
an angle p where 0°<[3=5° with respect to the circumierential
direction U and are therefore oriented essentially in the cir-
cumierential direction U of the pneumatic vehicle tire. All
three belt plies 13, 14 and 15 extend on both axial sides, 1n
cach case as far as a position 1n the respective tire shoulder
which lies axially outside the latch area—represented by the
axial width Ta. Over 1ts entire axial extent, the belt ply 14 1s 1n
direct contact both with the working ply 13 arranged under 1t
and with the working ply 15 arranged above it.

The 0°-ply 14 extends 1n the axial direction A over an axial
width b, the lower working ply 13 extends 1n the axial direc-
tion A over an axial width a, and the upper working ply 15
extends in the axial direction A over an axial width ¢ 1in the tire
where a>c>b. In this context, the mmner working ply 13
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extends by an axial extent length e on both axial sides of the
0°-ply 14 beyond the axial position of the respective beltedge
of the 0°-ply 14. Likewise, the outer working ply 15 extends
by an axial extent length d in each of the two axial directions
beyond the axial position of the respective belt edge of the
0°-ply 14. For the extent lengths ¢ and d of this protruding
portion the following applies: e>d. The dimension d 1s
embodied or formed here as d=10 mm. The dimension e 1nthe
exemplary embodiment 1s embodied or formed as e<60 mm.
The two working plies 13 and 135 are not 1n contact in the
region of the protruding portion either.

The strength members 23 and 25 are steel cords of a known
type. In one embodiment the strength members 24 are steel
cords of a known type. In another embodiment, the strength
members 24 are steel cords which are embodied or formed 1n
a known fashion as high-elongation cord (HE cord). Such
highly extendable high-elongation cords have a modulus of
clasticity under strain between 0% and 2%, which 1s lower
than their modulus of elasticity under strain of more than 2%.

In one exemplary embodiment, the following are selected:
B=1°, a=20°, v=60°, d=11 mm and e=15 mm.

In an alternative embodiment (not illustrated), the 1nner
working ply 13 1s respectively embodied or formed with its
strength members 23 with the relatively large angle v of
inclination with respect to the circumierential direction U
where 45°=y=90° and the outer working ply 15 with strength
members 25 1s embodied or formed with the relatively small
angle a of inclination where 10°=a<45°.

FIG. 3 and FI1G. 4 show a further alternative embodiment in
which the belt9 1s embodied or formed with an additional belt
ply 16 1n addition to the belt plies 13, 14 and 15 1llustrated in
FIG. 1 and FIG. 2 on the radial outer side of the outer working
ply 15. Additional belt ply 16 extends in the circumierential
direction U over and around the entire circumierence of the
pneumatic vehicle tire and 1n the axial direction A of the
pneumatic vehicle tire from the left-hand tire shoulder to the
right-hand tire shoulder. The belt ply 16 1s formed from a ply
of thread-shaped parallel strength members 26, which are
embedded 1n rubber to extend essentially linearly over the
entire axial width 1 of the belt ply 16 and to enclose an angle
0 of inclination with respect to the circumierential direction
U, where 5°<0=90°. The belt ply 16 extends over 1ts entire
axial extent in direct contact with the working ply 15 and ends
in the axial direction A at its two belt ply edges, 1n each case
in an axial position between the closest belt ply edge of the
0°-ply 14 and the closest belt ply edge of the radially outer
belt ply 15 with an axial distance g from the belt ply edge of
the 0°-ply 14 where g<d. The width 1 1s the measure of the
axial extent of the additional belt ply 16 where b<i<c<a.

The strength members 26 of the belt ply 16 are formed 1n
one exemplary embodiment with the same direction of incli-
nation as the strength members 25 of the working ply 15.

The strength members 26 are steel cords of a known design.

In another embodiment (not illustrated), the additional belt
ply 16 1s embodied or formed as a 0°-ply and the angle 0 of
inclination of its strength members 26 which extend over and
around the entire circumierence of the pneumatic vehicle tire
1s embodied or formed as 0°<0=5°. When the additional
working ply 16 1s formed as a 0°-ply, the strength members 26
are embodied or formed as steel cords of a known type. In
another embodiment, the strength members 26 o the working
ply 16 which 1s embodied or formed as a 0°-ply are steel cords
which are embodied or formed 1n a known fashion as high-
clongation cord (HE cord). Such highly extendable high-
clongation cords have a modulus of elasticity under strain
between 0% and 2%, which 1s less than their modulus of
clasticity under strain of more than 2%.
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In the various abovementioned embodiments with an addi-
tional belt ply 16, the radially inner belt ply 13 1s also respec-
tively embodied or formed 1n an alternative embodiment (not
shown) with strength members 23 with the relatively large
angle v of inclination with respect to the circumierential
direction U, and the radially outer working ply 15 1s embod-
ied or formed with strength members 25 with the relatively
small angle o of inclination.

FIG. 5 and FIG. 6 show a further alternative exemplary
embodiment in which, in contrast to the exemplary embodi-
ments 1llustrated and explained 1n FIG. 1 and FIG. 2, the belt
9 1s additionally embodied or formed with a belt ply 17, which
1s arranged radially between the radially inner working ply 13
and the carcass 3 to extend 1n the circumierential direction U
over and around the entire circumierence of the pneumatic
vehicle tire and 1n the axial direction A of the pneumatic
vehicle tire from the left-hand tire shoulder to the right-hand
tire shoulder. The belt ply 17 1s formed from a ply of thread-
shaped parallel strength members 27 embedded 1n rubber,
which extend essentially linearly over the entire axial width h
of the belt ply 17 and enclose an angle € of inclination with
respect to the circumierential direction U, where 45°<e<90°,
for example where €=50°. The belt ply 17 extends over its
entire axial extent in direct contact with the working ply 13
and ends 1n the axial direction A at 1ts two belt ply edges, 1n
cach case in an axial position between the closest belt ply
edge of the 0°-ply 14 and the closest belt ply edge of the
radially outer working ply 15 with an axial distance k from the
belt ply edge ofthe 0°-ply 14, where k<td<te. The width h 1s the
measure of the axial extent of the additional belt ply 17, where
b<h<c<a.

The strength members 27 of the belt ply 17 are embodied or
formed 1n one exemplary embodiment with the same angle of
inclination as the strength members 23 of the radially 1inner
working ply 13.

The strength members 27 are steel cords of a known design.

In the various abovementioned embodiments with an addi-
tional belt ply 17, 1n a further alternative embodiment (not
illustrated), the radially inner working ply 13 1s also embod-
ied or formed 1n each case with strength members 23 with the
relatively large angle v of inclination with respect to the
circumierential direction U, and the radially outer working
ply 15 1s embodied or formed with strength members 25 with
the relatively small angle o of inclination.

In a further alternative embodiment (not 1llustrated), in the
embodiments with an additional belt ply 16 (illustrated 1n
conjunction with FIG. 3 and FIG. 4), the additional inner belt
ply 17 (1llustrated in conjunction with FIG. 5§ and FIG. 6) 1s
also formed. In this case, the belt 9 1s formed from a 5-ply
arrangement with the belt plies 17,13, 14, 15 and 16 arranged
one on top of the other from radially 1nside to radially outside.
In these embodiments, the radially inner working ply 13 1s
also formed with 1ts strength members 23 with, as illustrated
graphically 1n FIG. 2, FIG. 4 and FIG. 6, the relatively small
angle v of inclination, and the radially outer working ply 15 1s
formed with 1ts strength members 25 with the relatively large
angle a of inclination with respect to the circumierential
direction. In alternative embodiments, as 1s respectively
explained in conjunction with FIG. 1 to FIG. 6, the radially
inner working ply 13 1s formed with its strength members 23
with the relatively large angle a of inclination, and the radi-
ally outer working ply 15 1s formed with 1ts strength members
25 with the relatively small angle v of inclination.
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3 crown region

4 bead core

S carcass

6 apex

7 carcass turn-over

8 bead reinforcing strip
9 belt

10 profiled tread
11 side wall rubber strip
12 mner layer
13 belt ply (working ply)
14 belt ply (zero-degree ply)
15 belt ply (working ply)
16 belt ply
17 belt ply
23 strength member
24 strength member
25 strength member
20 strength member
27 strength member
The invention claimed 1s:
1. A pneumatic tire comprising:
a carcass;
a belt being arranged radially outside the carcass; and
a profiled tread arranged radially outside said belt,
wherein said belt comprises a radially inner working belt
ply and radially outer working belt ply having parallel
strength members that are embedded 1n rubber so that,
when viewed 1 a circumierential direction of the
vehicle tire, the strength members of said radially inner
working belt ply have an opposing axial direction of
inclination to the strength members of said radially outer
working belt ply,
wherein said belt further comprises a generally zero-de-
gree ply arranged between and 1n contact with the two
working belt plies, the generally zero-degree ply extend-
ing axially through a center of said profiled tread and
having parallel steel strength members that are embed-
ded 1n rubber and oriented at an angle 3 to the circum-
ferential direction in which 0°<p=35° and having an axial
extent that 1s smaller than an axial extent for each of the
two working belt plies,
wherein the strength members of one of the two working
belt plies are oriented at an angle ¢ to the circumierential
direction 1n which 10°=0=45°, and the strength mem-
bers of another of the two working belt plies are oriented
at an angle v to the circumiferential direction 1n which
45°=vy=90°, and
wherein the one working belt ply 1n which the strength
members are oriented at the angle a to the circumieren-
tial direction 1s the radially outer working belt ply, and
the other working belt ply 1n which the strength mem-
bers are oriented at the angle v to the circumiferential
direction 1s the radially inner working belt ply, and
turther comprising:
another belt ply having parallel strength members that are
embedded 1n rubber, the another belt ply being 1s
arranged radially inside the radially inner working belt
ply and between the carcass and the radially inner work-
ing belt ply; and
an additional zero-degree ply being arranged radially out-
side said radially outer working belt ply.
2. The pneumatic vehicle tire according to the features of
claim 1, wherein the pneumatic vehicle tire 1s structured for

65 utility vehicles.

3. The pneumatic vehicle tire according to the features of
claim 1, wherein the profiled tread 1s arranged on the belt.
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4. The pneumatic vehicle tire according to the features of
claim 1, wherein the parallel strength members for the work-
ing plies comprise steel.

5. The pneumatic vehicle tire according to the features of
claim 1, wherein an axial extent of the radially outer working 5
belt ply 1s smaller than an axial extent of the radially inner belt
ply.

6. The pneumatic vehicle tire according to the features of
claim 1, wherein both ends of the radially outer working belt
ply end within an axial extent region of the radially inner belt 10
ply.

7. The pneumatic vehicle tire according to the features of
claim 1, wherein the strength members of at least the gener-
ally zero-degree ply arranged between the two working plies
comprise high-elongation cord (HE). 15
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